1. Farmland vegetative strips are a proven source of support for ecosystem services and are globally used to mitigate effects of agricultural intensification. However, increasing pressures on agricultural land require increases in their functionality, such as supporting multiple ecosystem services concurrently.
| INTRODUC TI ON
Agricultural land use covers 37.4% of global land area as of 2015 (FAO, 2018) . Farming it effectively for food production is vital for a globally expanding human population (Godfray et al., 2010; UN Population Division, 2018) . Recent research has shown that achieving efficient agricultural production requires regulating ecosystem services, including pollination and biological control (biocontrol), which support the provisioning service of food production (Aizen, Garibaldi, Cunningham, & Klein, 2009; Blitzer, Gibbs, Park, & Danforth, 2016; Zavaleta, Pasari, Hulvey, & Tilman, 2010) . However, wildlife declines have led to a reduction in the support for these services (Biesmeijer et al., 2006; Brown & Paxton, 2009; Carvell, Meek, Pywell, & Nowakowski, 2004; Dabrowski, Peall, Reinecke, Liess, & Schulz Runoff, 2002; Davies, 2000; Garratt et al., 2013; Gevao, Semple, & Jones, 2000; Kremen, Williams, & Thorp, 2002; Rusch et al., 2016; Stanley, Gunning, & Stout, 2013; Williams & Osborne, 2009; Winfree, Aguilar, Vázquez, LeBuhn, & Aizen, 2009 ). An example of this are declines in both pollinator abundance and diversity, and the plants that support them, which have led to pollination deficits in crops such as oil-seed rape, watermelon, and apple (Biesmeijer et al., 2006; Brown & Paxton, 2009; Carvell et al., 2004; Garratt et al., 2013; Kremen et al., 2002; Stanley et al., 2013; Williams & Osborne, 2009; Winfree et al., 2009) . Simplified, intensive agricultural landscapes have also been shown to have reduced natural enemy abundances, leading to a 46% lower level of crop pest control (Rusch et al., 2016) . In addition, since 1945 increased applications have led to pesticides, together with nitrates, phosphates and sediment, polluting farmland water quality through runoff, erosion, and leaching to groundwater (Dabrowski et al., 2002; Davies, 2000; Gevao et al., 2000) . This is of particular importance in the United Kingdom as just 35% of rivers are classified as "Good" according as of 2016 (Priestley & Barton, 2018) .
To support ecosystem services and protect wildlife, while meeting food production requirements, a "sustainable intensification" approach has been proposed (Firbank, Elliott, Drake, Cao, & Gooday, 2013; Wentworth, 2008) . This involves increasing food production from the existing agricultural land while minimizing pressure on the environment (Garnett & Godfray, 2012) . One mechanism of this would be to increase the functionality of off-crop habitats, such as vegetative strips in field margins, that support valuable ecosystem services within the farm, including water quality protection, pollination, and biocontrol (Haaland, Naisbit, & Bersier, 2011; Lye, Park, Osborne, Holland, & Goulson, 2009; Pfiffner & Wyss, 2004; Reichenberger, Bach, Skitschak, & Frede, 2007) . Wildflower vegetative strips can increase pollinator visits to the crop by 25% (Feltham, Park, Minderman, & Goulson, 2015) . If sown with grasses and wildflowers, they can provide shelter and food resources for natural enemies, which can reduce pest-induced crop damage and increase yield to adjacent crops (Gurr, Wratten, & Barbosa, 2010; Tschumi et al., 2016) . Also, vegetative strips sown along farmland watercourses are a proven method of water quality protection (Davies, 1999; Dorioz, Wang, Poulenard, & Trevisan, 2006; Haukos, Johnson, Smith, & McMurry, 2016; Muscutt, Harris, Bailey, & Davies, 1993; Reichenberger et al., 2007) . As a result, farmers in Europe are required to buffer any waterbody next to arable land with a 2m wide vegetative strip under the Common Agricultural Policy and Water Framework Directive (DEFRA, 2014; European Commission, 2018) .
They often have very low botanical diversity (Mayer, Reynolds, McCutchen, & Canfield, 2007) , but studies have shown that the introduction of other plant species should not affect water quality protection (Cole, Brocklehurst, Robertson, Harrison, & McCracken, 2015; Critchley, Fowbert, Sherwood, & Pywell, 2006; Mayer et al., 2007) . The current available evidence in literature does not demonstrate diversity of plant species as a key factor in the provision of ecosystem services, but rather the individual plant species and their morphological traits (de Bello et al., 2010; Díaz et al., 2007; Kattge et al., 2011; Lavorel & Garnier, 2002; Lavorel et al., 2013; Violle & Jiang, 2009; Violle et al., 2007) . Mayer et al. (2007) discovered that buffer strips of various vegetation types, including forest, forested wetland, herbaceous, herbaceous/forest, and wetland, were equally effective at removing nitrogen from soils. Consequently, there is scope to sustainably increase the number of ecosystem services that vegetative strips support while still provisioning for wildlife. This could aid food production in the face of mounting restrictions on land availability and pressures on landowners and wildlife (Hackett & Lawrence, 2014; Stutter, Chardon, & Kronvang, 2012) . Some attempts at integrating support for different ecosystem services have been made (e.g., Biddinger & Rajotte, 2015) , but the potential to provide water quality protection and support for pollinators and natural enemies in one vegetative strip has been little explored. The plant species included in a vegetative strip seed mix will determine the establishment, resulting plant community and therefore ecosystem services that are provided. From current literature, there is no evidence of a clearly defined or structured method of plant species selection for vegetative strips. Numerous seed companies, charities, and other organisations provide seed mix options and advice to support biodiversity or ecosystem services (e.g., Syngenta, 2014; Buglife, 2018; Kings Seeds, 2018; Emorsgate Seeds, 2018) .
Typically, these were developed by observation and experience in the field (Nowakowski & Pywell, 2016) , but this method is not transparent, structured, or repeatable. Evidence-informed decision support tools have been developed for general farming practices (e.g., Centre for Ecology & Hydrology, 2018), but so far, none exist for selecting plant species for multifunctional vegetative strips.
K E Y W O R D S
biological control, ecosystem services, environmental factors, field margin, plant characteristics, plant traits, pollination, water quality protection Plant functional traits and their uses in determining species performance, in predicting changes in community compositions and their effect on ecosystem functioning, are increasingly being investigated (de Bello et al., 2010; Díaz et al., 2007; Lavorel & Garnier, 2002; Lavorel et al., 2013; Violle & Jiang, 2009; Violle et al., 2007) .
The specific morphological traits of a plant, or effect traits as defined by Lavorel and Garnier (2002) , such as nectar content, floral display size, or leaf area (Kattge et al., 2011) , determine how it supports specific ecosystem services (Díaz et al., 2007; Garnier & Navas, 2012) . For example, Bianchi and Wackers (2008) showed that more parasitoids were attracted to plants with a higher nectar content, Kudo, Ishii, Hirabayashi, and Ida (2007) showed that a larger floral display size was preferred by Bombus hypocrita supsp. Sapproensis and Burylo, Dutoit, and Rey (2014) showed that a plant's leaf area positively correlated with its ability to trap sediment. In addition, internal factors, such as the life history of a plant species, and external factors, such as the established competitive strategy of plant species in the same community, can significantly affect the establishment of the desired plant community. For example, if a plant species has a perennial life history it should return each year (Marshall & Moonen, 2002) , and if noncompetitive grasses are sown with the forbs, this could enhance the chance of the desired forbs establishing (Laskey & Wakefield, 1978) . Therefore, they should also be considered when selecting species for a seed mix.
There are many sources of plant trait and internal/external factor data for UK species, (e.g., Fitter & Peat, 1994; Grime, Hodgson, & Hunt, 2007; Baude et al., 2016; Biological Records Centre, 2018) , providing an extensive evidence base for plant species selection.
There are also reviewing methods, such as systematic mapping, that provide a structured and comprehensive process to discover evidence that may explain which specific plant traits support the target ecosystem services.
In the pursuance of designing a vegetative strip to support multiple ecosystem services, we propose a novel, evidence-informed method which utilizes plant traits and key establishment factors, which can be applied to a wide range of farmland environments within temperate climates. The target ecosystem services to be supported by this vegetative strip include water quality protection, pollination, and biocontrol.
| MATERIAL S AND ME THODS
This study was undertaken in three distinct stages. The first stage identified plant traits that support water quality protection, pollinators, and/or crop pest natural enemies, using existing research evidence. The second stage identified internal (concerning the plant itself) and external (concerning the environment) factors essential for plant community establishment and persistence within a vegetative strip. Stage three applied the standardized methods from the first and second stages to a specific case study for lowland farmland within the United Kingdom, where plant species were selected for a multifunctional vegetative strip.
| Stage One: The identification of plant traits that support the target ecosystem services
We used a standardized, systematic reviewing method to collate existing research on plant traits that support the target ecosystem services. A systematic map approach was used as it is a transparent, repeatable, structured, and unbiased method to collate evidence (Collaboration for Environmental Evidence, 2018; Grant & Booth, 2009 ). The exact methods used to carry out the systematic map can be found in Blowers, Cunningham, Wilcox, and Randall (2017) .
In summary, a combination of published peer-reviewed and gray (i.e., noncommercially available) literature sources were comprehensively searched using specific key terms to capture an unbiased sample of the literature. Articles were considered relevant where they investigated a plant trait and its provision of the target ecosystem services in a temperate region. Any experimental or correlative study, that collected primary data and that met the above criteria, was included in the database (Cresswell, Cunningham, Wilcox, & Randall, 2018) .
Each article was categorized using a combination of generic (e.g., country of study, publication date, authors) and topic specific (e.g., plant trait, target organism, and ecosystem service provided) keywords. Only findings from studies that met predefined critical appraisal requirements (i.e., adequate replication or randomisation of samples and no clear confounder), were used to inform the final assessment of the plant traits. For each included study, the specific plant trait, target organism and outcome were identified. Data were extracted from the map to make cross-comparisons between the findings to build a robust evidence base for plant species selection.
| Stage Two: Identification internal and external factors that aid in establishment and persistence of plant communities
The establishment and persistence of plant communities is influenced by key internal and external factors (Grime et al., 2007; Laskey & Wakefield, 1978) . Internal factors could include preferred soil type or the plant's competitive nature. External factors could include the soil type in which the seed mix is sown or the associated floristic diversity of other establishing species in the vegetative strip. Plant morphological traits define how a plant species may support specific ecosystem services (Díaz et al., 2007; Garnier & Navas, 2012) .
However, establishment of the desired plant species will determine the support provided by a vegetative strip. Therefore, the key influencing internal and external factors must be identified and considered during plant species selection.
A group of topic experts in factors affecting establishment and persistence of plant communities were consulted to investigate what specific data should be gathered in order to include them in the plant selection process. Information sources were searched, including Laskey and Wakefield (1978) , Landis, Wratten, and Gurr (2000) , Marshall and Moonen (2002) , Grime et al. (2007) , Wentworth (2008) , Kirk and Howes (2012) and Biological Records Centre (2018). Data extracted from these sources were collated and used to develop a table of initial criterion that each plant species should pass through before they are considered for inclusion in a seed mix.
| Stage Three: Case Study on UK plant species
Information from stages one and two were applied to a case study, in this case UK lowland farmland. We compiled a list of all UK, native, perennial forbs, and grasses that showed an indication of good distribution across the United Kingdom, according to the Online Atlas of the British and Irish Flora (Biological Records Centre, 2018) . Data on their traits (identified in stage one) and internal and external factors affecting establishment (identified in stage two) were then collected and coded into a database. The full database and details on the sources searched for this information can be found in Supporting information Appendix S1.
Internal and external factors affecting establishment identified in stage two formed an initial criterion for plant species selection.
Plant species were then ranked relative to their ability to aid in the provision of the target ecosystem services (water quality protection, and support for pollinators and natural enemies) according to the F I G U R E 1 Plant traits and related ecosystem services investigated in the literature. (Data adapted from Cresswell et al. (2018) TA B L E 1 Data extracted from the systematic map showing the important aspects for the chosen plant traits and the corresponding references. The full references can be found in Supporting information Appendix S2 Articles that studied the same plant trait all drew the same conclusions, for example, the articles investigating floral display size all TA B L E 2 Internal and external factors affecting establishment, their desirable aspect for a multifunctional vegetative strip, the justification and the associated reference. Factors highlighted in bold determined whether a plant species could be considered for inclusion within the seed mix TA B L E 3 Plant trait and factor ranking and weighting system used to identify suitable forbs and grasses for a multifunctional seed mix 
TA B L E 4
Grasses assessed for inclusion in the multifunctional seed mix and their corresponding ranks. Overall rank is also displayed as the sum total of the ranks for each plant trait/factor. All plant species highlighted in the table were included in the multifunctional vegetative strip seed mix identified that a larger display was preferred by the test species of pollinator (Table 1) .
| Stage Two: Identified internal and external factors affecting plant community establishment and persistence
Information gathered on internal and external factors that were identified to affect the establishment and persistence of a multifunctional vegetative strip is shown in Table 2 . Life history, Status, and Distribution formed the initial criterion that a plant species would be required to pass before being considered for inclusion in the seed mix.
| Stage three: United Kingdom plant species case study, the ranking system and the results of the application
The traits and remaining establishment factors used to rank each plant species are detailed in Table 3 .
Forbs ranked highly if they had a large floral display size and leaf surface area, leaves with numerous trichomes, an adventitious root system, and evergreen leaves. All grasses were required to have an adventitious root system but also scored highly if they had a large leaf surface area, a less competitive established strategy, a lower comparative height, and a high associated floristic diversity. Once the higher scoring forbs and grasses were identified they were then combined to create the final seed mix.
All plant species highlighted in Tables 4 and 5 were included in the seed mix for the multifunctional vegetative strip. In these tables, the heavy weighting of the factor "suitability to most soil types" was necessary as soil conditions can vary hugely from farm to farm. In addition, plants that can establish in a range of soil types, are more appropriate for a mix such as this, as a specific, designed plant community is desired. In addition, due to cost restrictions and standard practice, the seed mix consisted of 20% forbs and 80% grasses. An alternative mix was also created with a ratio of 50% forbs and 50%
grasses to investigate the effect of this difference on establishment of the desired community. Two further multifunctional plant mixes TA B L E 5 Forbs assessed for inclusion in the multifunctional seed mix and their corresponding ranks. Overall rank is also displayed as the sum total of the ranks for each plant trait/factor. All plant species highlighted in the table were included in the multifunctional vegetative strip seed mix. Ranked forbs all showed signs of support for all groups of bees according to Kirk and Howes (2012) were developed, one for a heavy clay soil and one for a sandy loam soil. The same method was used, with the exception that rankings took into account plant suitability for the respective soil types. This was to test whether designing a seed mix bespoke to a specific soil type would better encourage the establishment of the desired plant community.
Trifolium repens
1 0 1 1 1 5 9 Centaurea nigra 1 1 1 0 0 5 8 Taraxacum officinale agg. 1 0 1 0 1 5 8 Stachys sylvatica 1 1 1 0 0 5 8 Leucanthemum vulgare 1 0 0 1 1 5 8 Prunella vulgaris 0 1 1 ? 1 5 8 Lotus corniculatus 1 0 1 0 0 5 7 Daucus carota 0 0 1 0 1 5 7 Achillea millefolium 0 0 1 0 1 5 7
Galium verum

| D ISCUSS I ON
The knowledge gaps identified by the systematic map emphasize a need for additional research to be undertaken in these areas.
However, the articles that were included provided sufficient evidence to inform the plant species selection. In addition, the concurrence of the findings in the articles in the systematic map allowed increased confidence in the evidence used in the plant species selection process.
For some of the plant traits identified in Stage One, the information relating to their presence or absence in individual UK plant species was unavailable. For example, the research identified specific traits such as fibrous root length or depth as indicative of an adventitious root systems to aid water quality protection type, but only the overall root system could be identified (e.g., in Grime et al., 2007) . This influenced what could be presented in the database of UK plant species (Supporting information Appendix S1). In other cases, the data available on traits were incomplete for some plant species (indicated by "?" in Table 5 were not included in the multifunctional seed mix, Table 5 . A slightly lower scoring plant, primrose (Primula vulgaris), though not guaranteed to grow well in all soil types, was included because it has many of the desirable traits, but also flowers early in the season and some higher scoring plants do not. Similarly, the grass species Cock's foot (Dactylis glomerata), had a slightly lower score than some others due to its competitive nature, but was included as its pollen is often gathered by pollinators (Kirk & Howes, 2012) .
The plant species chosen for these seed mixes were all selected for use within the United Kingdom; however, the methods used can be applied to other temperate regions by choosing plant species native to that country. The TRY Plant Trait Database created by Kattge et al. (2011) can be used to access information gathered from numerous plant trait databases across the world.
There is a common misconception that the diversity of a vegetative strip may increase its potential to support ecosystem services; however, Birkhofer et al. (2018) found a lack of general relationship between multifunctionality and diversity. Instead, this study focussed on developing functionality of vegetative strips through the use of what specifically defines a plant's ability to support ecosystem services, their traits (Kattge et al., 2011) . If a mixture of forbs and grasses are sown instead of a grass only mix, and the factors influencing establishment of the desired community are controlled, then diversity will naturally increase none the less.
The method outlined in this study could be used to develop seed mixes that target other ecosystem services also. In particular, drought or flood tolerance, while not feasible in such a mix as this, the method could be applied to develop a seed mix that targets this specific service. Further, systematic mapping of plant traits that support drought or flood tolerance could be undertaken and the information used to inform the method of design outlined here.
With a seed mixture containing forbs and grasses, a management regime of cutting once in early summer and once in late would be recommended. This would aid the control of competitive grass species growth (Grime et al., 2007) and avoid removal of the floral resources during the peak season of pollinator and natural enemy activity (Kirk & Howes, 2012) . In addition, removal of the cuttings after each cut is recommended, to reduce the nutrient load in the soil (Crofts & Jefferson, 2007) . This would further encourage the forbs to establish as they require conditions of lower fertility (Grime et al., 2007) . Commission, 2018) . If payments to farmers could be offered as an incentive to sow a more enhanced, multifunctional seed mix along watercourses on their land, this could positively affect biodiversity within farmland while increasing support for regulating services to the farmer. Field margins need to become multifunctional due to restricted land availability, increased food production requirements, and farmland biodiversity declines. This novel method will allow landowners to increase the functionality of their field margins or other vegetative strips by supporting three vital ecosystem services, while re-introducing biodiversity into the landscape. The method has the potential to be adapted for other ecosystem services and climate zones.
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